This paper describes the methodology by which it is possible to compare different tensile forces that are caused by the uneven distribution of loads in carrier ropes of lifts. In order to compare the applied tensile forces in a certain number of carrier ropes, it is possible to use the device called "rope hydraulic tension compensator", when, for example, building new elevators, changing carrier ropes during renovations or servicing existing lifts. The comparison of tensile forces in lift carrier ropes by the described device is based on the method of liquid pressure diffusion in a closed vessel. The rope hydraulic tension compensator consists of a number of structural parts, the main of which are double-acting hydraulic cylinders. The number of these cylinders is equal to the number of carrier ropes of the given lift. The pressure of the hydraulic fluid, which is supplied to the inner shell of individual hydraulic cylinders, controls the length of extension of individual piston rods of the hydraulic cylinders. The position of the piston in each of the hydraulic cylinders is directly proportional to the length of the extended piston rod, which corresponds to compression of the cylindrical coiled spring, above which the respective hydraulic cylinder is located. Different compressions of individual cylindrical springs exert different magnitude of tensile forces in suspension eye-bolts, into whose longitudinal axes the total load size is distributed unevenly. The paper also describes the description and hydraulic circuit diagram of a hydraulic power unit, which is used to control the piston positions of two-way hydraulic cylinders.
INTRODUCTION
Several papers have been devoted to the issue, as well as to possible solutions of how to equalize different values of tensile forces in lift carrier ropes [1, 2, 3] . These papers described structural solutions and principles of device, the so-called mechanical rope tension compensators which allow to detect instantaneous values of tensile forces in individual cross-sections of carrier ropes of traction rope lifts and to adjust any possibly different tensile forces to the same value. These devices use strain gauge load cells [3] or foil strain gauges [1, 2] .
Traction rope electric lifts use friction between carrier ropes and grooves of the lift machine traction disk to exert a vertical movement of the lift cage.
Carrier ropes of traction lifts, see Fig. 1 , with rope transmission 1:1, are attached to the lift cage and counterweight by means of spring hinges. By using a 2: 1 rope transmission both ends of carrier ropes are fixed by spring hinges to the brackets in the elevator shaft.
The load capacity of the lift, i.e. the maximum weight of the load, assigns the given number of ropes to the traction lift, however, two carrier ropes are the minimum. The tensile force, exerted by the weight of the cage and the maximum weights of the load, affecting the carrier ropes of traction lifts must be evenly distributed over all cross-sections of the ropes. The tensile force can be evenly distributed across all cross-sections of the ropes using one of the variants of rope mechanical tension compensators [1, 2, 3] , rope sensors [4] or rope hydraulic tension compensator [5] .
The rope hydraulic tension compensator, see Fig. 2, allows to compensate for different tensile forces operating in the lift carrier ropes, based on the principle of Pascal's law, which generally defines that the pressure exerted anywhere in closed incompressible fluid spreads uniformly in all directions throughout the volume of the liquid.
The spring hinge of lift carrier ropes, see Fig. 3 , consists of a suspension eye-bolt A, a cylindrical compression coiled spring B, two plates C, D, a washer G and a hexagonal nut F and a lock nut E. The end of each carrier rope is threaded through the eye of the suspension bolt A and by means of rope clamps or pressed sleeves an eye is formed on the carrier rope. The threaded parts of suspension bolts with eyes A are threaded through the holes in the bracket, which is fixed to the wall of the lift well.
In the space above the upper surface of the bracket, on the shank of the suspension bolt with eye A, a plate C is threaded, the inner hole of which serves for fitting of the cut front part of the closing thread of the cylindrical spring B. The plate D is threaded onto the opposite end of the cylindrical spring B. To prevent the bolt shank from sliding out of the bracket opening, the washer G is threaded onto the bolt shank and the hexagonal nuts F are screwed onto the threaded part of the bolt, which is secured against loosening by the lock nut E. Cylindrical compression springs B of all hinge bolts A have the same stiffness (spring stiffness, defined by the relationship k = F/Dl [-] , indicating the rate of change in its length Dl [m] with respect to the acting external force F [N] at elastic deformation.).
Different magnitude of acting tensile forces F i [N] in the carrier ropes (the total number of ropes i = 1, …, n) causes, with identical stiffness to [-] cylindrical spiral springs, different values of spring deformation Dl i [m], see the relationship (1).
With hydraulic cylinders (with identical construction dimensions and piston diameters d 
PRINCIPLE OF HYDRAULIC TENSION COMPENSATOR IN CARRIER ROPES
After the assembly of all spring hinges to the bracket in the lift well (or to the lift cage frame) ( Fig. 1 ), and after installation of the carrier ropes, the lift cage and the counterweight, the compression coil springs B ( Fig. 3 ) of the spring hinges are deformed differently due to the uneven distribution of applied load into the selected number of carrier ropes, which can be described by relationship (1) .
Each fully extended piston rod (exerted by the pressure of the hydraulic fluid supplied above the pistons of hydraulic cylinders, see Fig.  6a ) from the two-way hydraulic cylinders (the number of cylinders used is identical to the number of carrier ropes) is mechanically connected to the end portion of the thread of the suspension bolt. Since different tensile forces (acting in the individual carrier ropes) are compressed differently by the springs, the ends of hydraulic cylinders have different distance from the upper surface of the bracket.
Two cylindrical bodies (2a, 2b, see Fig. 4 ) of the same overall length are always inserted between the front part of each hydraulic cylinder and the upper surface of the plate (D, see Fig.  3 ). The maximum length of the two cylindrical bodies (2a, 2b, see Fig. 4 ) is selected according to the design of the hydraulic cylinders used, namely according to the maximum possible length of extension of piston rods from the shell of hydraulic cylinders.
By using the cylindrical bodies (2a, 2b, see Fig. 4 ), which precisely define the distance between the front part of a particular hydraulic cylinder and the upper surface of the plate (D, see Fig. 3 ) of a particular suspension screw, the front parts of the hydraulic cylinders are still different from the upper surface of the bracket.
To control the extension of the piston rod from the shell of the two-way hydraulic cylinder of the hydraulic tension compensator, a hydraulic power unit has been created, (Fig. 5 ). The circuit diagram of the hydraulic circuit of the hydraulic power unit is shown in Figure 6 . The hydraulic power unit consists of manual hydraulic pump 1, one-way valve 2, two twoway valves 3 and 4, hydraulic quick-couplings 5 and 6, which are connected to each other by a hydraulic pipeline.
To compensate for the different tensile force values Fi [N] in individual carrier ropes, the hydraulic fluid is pumped after installation of all two-way hydraulic cylinders (Fig. 2 ) on the suspension bolt shanks using the lever of manual hydraulic pump 1 through the pipeline and through the open one-way valve 2 and two-way valve 3 that is adjusted to suitable position (see Fig. 6b ) to the quick-coupling 5. Hydraulic hoses which bring the same fluid pressure under the pistons of hydraulic cylinders 7a and 7b are connected to the quick-coupling 5. Other hydraulic hoses also interconnect the spaces above the pistons of hydraulic cylinders 7a and 7b.
Due to the increasing pressure p [Pa] of the hydraulic fluid under the pistons of all hydraulic cylinders, the spring with the smallest load is compressed as first (its length li = lmax (i) [m] , and if the same compression of this spring is achieved with the spring with the biggest load, all springs are subsequently compressed by the same size. Then, due to the applied hydraulic fluid pressure p2 [Pa] under the pistons of the hydraulic cylinders 7a and 7b the relationship (2) applies which states that the initially different tensile forces in the carrier ropes F (i) [N] already reach the same magnitude F [N].
Since the lower surfaces of cylindrical bodies 2b (see Fig. 4 ) lean against the upper surfaces of plates 5b and also because the cylindrical bodies 2a are attached to the shells of hydraulic cylinders, at the time when hydraulic fluid at a certain (gradually increasing) pressure is supplied by the hydraulic power unit under the pistons of hydraulic cylinders, the piston rods are gradually inserted into the shells of the hydraulic cylinders. The piston rods of individual hydraulic cylinders are mechanically attached to the ends of the shanks of respective suspension bolts, so the length of insertion of the piston rod into the shell of individual hydraulic cylinders is not (with the same instantaneous pressure p [Pa] of hydraulic fluid in the space below the pistons) of the same size. Each of the piston rods is inserted into the shell of the hydraulic cylinder by a different length DL i [m], which is directly proportional to the tensile load (and the instantaneous pressure of the hydraulic fluid acting under the piston of the respective hydraulic cylinder) acting in the axis of the suspension bolt to which the respective hydraulic cylinder is connected. At the same magnitude of gradually increasing hydraulic fluid pressure (applied below the pistons of all hydraulic cylinders), If the same design of all (i-th number) compression cylindrical springs is selected for spring hinges of carrier cables of the given lift, the length of all springs without load is l 0 [m].
At the instantaneous liquid pressure p i [Pa] below the piston of the i-th hydraulic cylinder, the i-th spring length can be expressed as DL i [m] and the instantaneous compression of the DL i [m] of this spring by the relationship (3).
If the length of the spring with the biggest load is labelled as l min(i) [m] then at some point when the pressure of the liquid under the piston just reaches the value of p 2 [N] (the pressure value p i [Pa] corresponds to the length of the loaded spring to the length l min(i) [m] of the i-th spring that had the biggest load at the initial moment), the length of all springs can be expressed as l min(i) [m] and the instantaneous compression of all springs DL max(i) [m] by the relationship (4).
When the pressure p 2 [N] is reached, all springs reach the same length l (i) = l min(i [m] , which equals to the length of the spring with the biggest load l min(i) [m] at the fluid pressure p i ˂ p 2 [Pa] of the spring that had the biggest load as first, it is possible to observe from the relationship (4) that if the pressure p 2 [N] is just attained then all springs take the length l (i) = l min(i) [N] .
With further pressure increase p 3 ˃ p 2 [Pa], the same compression size DL [m] of all spiral compression springs occurs and all springs have the same length l [m].
If the pressure in the liquid p 2 [Pa] is reached below the pistons of hydraulic cylinders, then the compressive force F [N] (proportional to the highest value of all the loads acting on all the springs before installation of tension compensator) acts on the first most compressed spring 6 ( Fig. 4) . Also, for all other springs 6 of all suspension bolts, this pressure force F [N] acts when the pressure in the liquid p 2 [Pa] is reached below the pistons of the hydraulic cylinders.
By increasing the applied pressure under the pistons of the hydraulic cylinders above the pressure p 2 [Pa], all the springs 6 ( Fig. 4) are compressed by the compressive force transmitted by the cylindrical bodies 2a, 2b from the hydraulic cylinders 1. The shanks of the suspension bolts 12 are lifted by the rods 13 of the hydraulic cylinder 1 and the nuts 3 are removed from the plates 5b. By tightening all nuts 3 with the same moment of force (i.e. all nuts 3 are tightened so that all spring lengths are the same), the required uniform load distribution is achieved across all cross-sections of the carrier ropes.
At the time of supply of the pressurized hydraulic fluid (pressure increase p [Pa]) under the pistons of hydraulic cylinders (7a, 7b, see Fig.  6b ), the liquid is drawn from the spaces above the pistons of hydraulic cylinders 7a, 7b by the hydraulic hose to the quick-coupling 6. The hydraulic fluid is routed through the hydraulic power unit line (Fig. 5 ) via a two-way valve 4 (adjusted to a suitable position, see Fig. 6b ) to the hydraulic pump tank 1.
If a uniform load distribution to all crosssections of carrier ropes is achieved as described above, all components of the rope hydraulic tension compensator must be removed from the screw hinge of carrier ropes. When disassembling it is necessary to extend all piston rods from hydraulic cylinders to the maximum possible position. This is ensured by the hydraulic power unit. The lever of the manual hydraulic pump 1 pumps the hydraulic fluid through a line through the open one-way valve 2 and the two-way valve 3 (adjusted to a suitable position, see Fig. 6a ) to the quick-coupling 6. A hydraulic hose is connected to the quick-coupling 6 which supplies the liquid above the pistons of hydraulic cylinders 7a, 7b. Another hydraulic hose connects the spaces under the pistons of hydraulic cylinders 7a and 7b. The fluid from under the pistons of hydraulic cylinders 7a and 7b is discharged through the hydraulic hose to the quick-coupling 5. The hydraulic fluid is routed via a pipeline in the hydraulic power unit via a two-way valve 4 (adjusted to a suitable position, see Fig. 6a ) into the hydraulic pump tank 1.
By increasing the applied pressure under the pistons of the hydraulic cylinders above the pressure p 2 [Pa], all the springs 6 (see Fig. 4 ) are compressed by the compressive force transmitted by the cylindrical bodies 2a, 2b from the hydraulic cylinders 1. The shanks of the suspension bolts 12 are lifted by the rods 13 of the hydraulic cylinder 1 and the nuts 3 are removed from the plates 5b. By tightening all nuts 3 with the same moment of force (i.e. all nuts 3 are tightened so that all spring lengths are the same), the required uniform load distribution is achieved across all cross-sections of the carrier ropes.
CONCLUSION
The possible way of how to achieve uniform load distribution into two or more carrier ropes in the traction lift using a rope hydraulic tension compensator is given in the text of Chapter 2 of this paper. This device is portable and is mounted on suspension bolts only when it is necessary to set the same tensile forces in carrier ropes. After carrying out its activities, it is possible to remove the device from the suspension bolts and move it to another traction rope lift.
In contrast to the known principle of the hydraulic compensator [5], the described device can be provided with strain gauge load cells that can detect instantaneous tensile forces in carrier cables, record them and use them for certificate processing purposes.
The described rope hydraulic tension compensator can fully fulfil the function for which it has been designed without the use of strain gauge load cells. If the compensator is not equipped with a strain gauge, then the piston rod of the hydraulic cylinder 13 ( Fig. 4 and Fig. 5 ) is connected to the cylindrical body 10 mechanically. The threaded end portion of the shank of bolt 12 is screwed onto the internal thread of the body 8. By means of a threaded rod (which replaces the strain gauge load cell) of the required length, the bodies 8 and 10 are interconnected so that the hydraulic compensator performs as described above.
Double-acting hydraulic cylinders which equalize the initially different tensile forces in the ropes to the same values are connected via hydraulic pressure hoses to the hydraulic power unit. With the hydraulic power unit, the hydraulic fluid is pumped from the tank through the manual hydraulic pump via suitably open or closed hydraulic valves to the spaces below or above the hydraulic cylinder pistons. In the "under / above the piston" space of cylinders, where the hydraulic fluid pressure is supplied by the hand pump, the piston moves in the cylinder and the hydraulic fluid from the "below / above the piston" space moves to drain the hydraulic fluid back into the tank.
